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Description 



Use of methyl pyruvate for the purpose 
of reducing weight gain in mammals. 
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[0104] pi e id 0 f the inventiomThe present invention relates to the 
field of obesity and the use of methyl pyruvic acid (a 
methyl ester of pyruvic acid) and/or methyl pyruvate 
(methyl pyruvate is the ionized form of methyl pyruvic 
acid) for the purpose of reducing weight (fat) gain in 
mammals by infusing or orally administering therapeuti- 
cally effective amounts of methyl pyruvate. The method 
also has the effect of increasing body protein concentra- 
tion, improving insulin resistance, lower fasting insulin 
levels, preventing fat deposition and increasing cellular 
energy production. When used as a dietary supplement, 
energizer or pharmaceutical, this anion can be formulated 
as a salt. 

[0105] use of methyl pyruvate and/or methyl pyruvic acid can be 
effective when administered orally or infused on either a 
chronic and/or acute basis. In the following text, the 
terms "methyl pyruvate, methyl pyruvate compounds, 
methyl pyruvic acid" are used interchangeably. 

[0106] obesity is a complex disorder characterized by the accu- 
mulation of excess adipose tissue. While obesity has long 
been considered a behavioral disorder, discovery of the 



hormone leptin in 1994 catalyzed the field of obesity re- 
search by demonstrating the existence of anafferent hu- 
moral signal from adipose tissue to the central nervous 
system. Current evidence suggests that once adipose tis- 
sue accumulates, a system of overlapping neuroendocrine 
systems prevents it from diminishing. This counter- 
regulatory mechanism, which has probably evolved as 
protection against starvation and fetal or neonatal 
wastage, causes changes in appetite and metabolism that 
make volitional weight loss difficult to achieve. 
[0107] obesity is defined in terms of BMI, calculated as weight 
(kg)/[height (m)]2 . Although a continuous variable, BMI 
has been categorized based on epidemiologic data to de- 
note the relative risk of developing comorbid conditions. 
A BMI less than 25 is considered to be normal, 25 - 29.9 
is overweight, and greater than or equal to 30, obese. 
Data from the 1999 National Health Nutritional and Exer- 
cise survey demonstrated that 34% of adults in the United 
States were over-weight, and 30.8% obese, resulting in a 
total of 64.8% above normal weight. The prevalence of 
overweight and obesity in children was 13%, a doubling 
since 1980, while adolescents have experienced a tripling 
in prevalence since then. 



[0108] Being overweight or obese substantially increases the risk 
of morbidity from a number of conditions, including type 
2 diabetes mellitus (DM), hypertension, dyslipidemia, 
coronary heart disease, congestive heart failure, stroke, 
gallbladder disease, hepatic steatosis, osteoarthritis, sleep 
apnea, and endometrial, breast, prostate, and colon can- 
cers. An increase in all-cause mortality is also associated 
with higher body weights. Adipose tissue is an active en- 
docrine organ that produces free fatty acids (metabolized 
through the beta-oxidation cycle), hormones, such as IL- 
6, TNF-a , plasminogen activation inhibitorl, an- 
giotensinogen, and others, directly related to the insulin 
resistance, hyperlipidemia, inflammation, thrombosis, and 
hypertension that characterize obesity. 

[0109] intracellular metabolites also regulate energy metabolism 
and may signal the availability of fuel to metabolite-sensi- 
tive hypothalamic neurons. Interference with central path- 
ways involved in the synthesis of malonyl-CoA or fatty 
acids with either genetic knockouts of acetyl-CoA car- 
boxylase or fatty acid synthase inhibitors have been 
shown to decrease body fat. It has also been shown that 
an adipocyte-derived hormone, Acrp30 (AdipoQor 
adiponectin), increases fatty acid oxidation 



(beta-oxidation) in muscle and liver and may regulate fat 
accumulation without significantly affecting food intake. 
Many other molecules, including other peptides, neuro- 
transmitters, cytokines, steroid hormones, enzymes, and 
peroxisome proliferator-activated receptor (PPAR) ago- 
nists affect energy homeostasis. 
[0110] The high frequency of relapse and limited weight loss at- 
tainable with non-surgical therapies are among the frus- 
trations experienced by the obese patient. Investigation of 
the energetics of weight loss and weight gain demon- 
strates that maintenance of a reduced body weight is as- 
sociated with declines in energy expenditure that are 
greater than can be accounted for by reductions in 
metabolic mass. The weight-reduced state is also charac- 
terized by reduced sympathetic and increased parasympa- 
thetic nervous tone. These changes persist for months to 
years in weight-reduced subjects. 
Non-pharmacological treatments for obesity include be- 
havior therapy, exercise, and calorie-restricted diets. The 
goal of behavior therapy is to overcome barriers to com- 
pliance with a diet and physical activity regimen. Physical 
activity increases energy expenditure and is a key compo- 
nent of any weight maintenance program, counteracting 



the reduction in total energy expenditure that occurs with 
weight loss. In order to induce weight loss a calorie deficit 
must be created. 
12 ] U.S. Pat. No. 4,351,835 teaches a method for preventing 
body fat deposition in mammals by oral administration of 
a mixture of pyruvate and dihydroxyacetone (DHA). Sub- 
sequent additional research with rats investigated the ef- 
fect of pyruvate and DHA under normal dietary conditions. 
In that study, rats were fed either a controlled diet or an 
experimental diet in which part of the carbohydrates were 
replaced with a 1:1 mixture of pyruvate and DHA, which 
mixture constituted 15% of the total caloric intake. Rats 
which received the experimental diet gained less weight, 
and had greater rates of heat reduction and energy ex- 
penditure than rats receiving a control diet. The experi- 
mental diet reduced body fat content by 32% without any 
significant effect on either protein or water content. Simi- 
larly, in another study, Type II diabetic humans were fed 
56 grams of pyruvate and DHA in a 1:1 mixture for seven 
days, during which time period glucose tolerance and 
turnover were measured. Reductions in fasting blood glu- 
cose concentration and peak glucose concentration after a 
glucose tolerance test were observed. 



[0113] yet another study assessed the relative effectiveness of 
pyruvate and DHA. In that study, obese Zucker rats were 
placed in one of four diet groups. One diet was a control 
and each of the other diets featured a semi-purified rat 
diet with only one of the following features: (a) 6% pyru- 
vate, (b) 6% DHA, or (c) 6% pyruvate/DHA (1:1). A number 
of physiologic variables were measured. 

[0114] The conclusion of the study was that generally changes 
due to the addition of DHA or pyruvate/DHA to the diet 
were not as great as changes due to the addition of only 
pyruvate. In fact, often the changes due to the addition of 
DHA or pyruvate/DHA could either be attributed to feed 
restriction or to the pyruvate in combination. 

[° 115 ] U.S. Pat. No. 4,548,937 discloses a method for minimizing 
weight gain by adding pyruvate to the diet. Based on the 
above studies, the experimental data indicated that pyru- 
vate was an efficacious compound in altering metabolic 
variables in rats. 

[0116] a problem exists in administering effective dosages of 
pyruvate to humans in that heretofore the only ways to 
supply pyruvate have been in the form of a liquified pyru- 
vic acid or in the form of the mineral salts of pyruvate, for 
example via sodium, potassium or calcium salts. These 



salts are organoleptically poor, as is tolerance of these 
salts. Furthermore, in humans the amount of these salts 
required to obtain the proper dosage of pyruvate for max- 
imal effect raises the electrolyte level of the recipient to 
2-6 times the safe and adequate recommended level 
when given as a supplement to a typical diet. With respect 
to the liquid pyruvic acid, the liquid is very acidic and re- 
sults in the body literally being burned. Attempting to 
solve the acidity problem through dilution results in the 
human body being unable to ingest acceptable levels of 
pyruvate. It is thus apparent that the need exists for an 
improved method of addressing obesity and the associ- 
ated health risks by administering methyl pyruvate to hu- 
mans. 

17 ] Although pyruvate theoretically appears to be an effica- 
cious compound in addressing obesity and problems as- 
sociated with Type II diabetes, the utility of pyruvate in 
humans in the clinical management of Type II diabetes or 
obesity has been limited by the elevated mineral load as- 
sociated with pyruvate salts, which until this time were the 
only practical method of supplying pyruvate to the body. 
Pyruvate can also be supplied as a liquid acid, but it is so 
acidic that it must be diluted. When the liquid acid is di- 



luted sufficiently to be tolerable, it requires too large a 
volume of liquid to be consumed in order to obtain a suf- 
ficient ingestion of pyruvate. Table I illustrates the raised 
electrolyte levels associated with the generation of an ef- 
fective dose (28 grams) of pyruvate in the form of pyru- 
vate salts, with the salts being used either alone or in 
combination. 
18] [Table 1] 



28g Pyruvate 










Na+ 


K+ 


Ca++ 


Single salt, mg 










7,000 


... 
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Single salt, mg 












12,560 




Single salt, mg 














6,400 


Combination*, mg 










3,500 




3,200 


Combination*, mg 












6,300 


3,200 


Combination*, mg 










2,330 


4,180 


2,140 


ESADDI** range, mg 










1,100-3,300 


1,875-5,625 


1,200 



*Each salt is added as an equal proportion of the total 28 
grams of pyruvate. **Esti mated Safe and Adequate Daily 
Dietary Intake in the RDA 10th edition. 
[0119] As can be seen from Table I, the electrolyte level is raised 
to between 2-6 times the level recommended in humans, 
regardless of how the pyruvate salts are ingested. 
Summary of Invention 

[0120] The present invention relates the use of methyl pyruvate 
as a dietary supplement, which can be utilized by obese or 
overweight mammals for the reduction of weight. The 
present invention further relates to the field of cellular 
energy production and more particularly to enhancing the 
production of the energy by utilizing methyl pyruvate 
compounds, which modulate the system. This modulation 
also has the effect of increasing body protein concentra- 
tion, improving insulin resistance, lower fasting insulin 
levels, preventing fat deposition and increasing cellular 
energy production. When used as a dietary supplement, 
energizer or pharmaceutical, this anion can be formulated 
as a salt. 

[0121] a preferred mode of use involves co-administration of a 
methyl pyruvate salt along with one or more agents that 
promote energy. Typical dosages of methyl pyruvate com- 



pounds will depend on factors such as size, weight, age, 
health and fitness level. 
[0122] The present invention further pertains to methods of use 
of methyl pyruvate compounds in combination with vita- 
mins, coenzymes, mineral substances, amino acids, herbs, 
antioxidants, metabolic compounds and creatine com- 
pounds, which act on the cells for enhancing energy pro- 
duction and expenditure, thus the ability and desire to be 
active. 
Detailed Description 

[0123] The present invention relates the use of methyl pyruvate 
as a dietary supplement, which can be utilized by obese or 
overweight mammals for the reduction of weight. Methyl 
pruvate is the ionized form of methyl pyruvic acid 
(CH3C(0)C02CH3). At physiologic pH, the hydrogen pro- 
ton dissociates from the carboxylic acid group, thereby 
generating the methyl pyruvate anion. When used as a 
pharmaceutical or dietary supplement, this anion can be 
formulated as a salt, using a monovalent or divalent 
cation such as sodium, potassium, magnesium, or cal- 
cium. 

[0124] cells require energy to survive and perform their physio- 
logical functions, and it is generally recognized that the 



only source of energy for cells is the glucose and oxygen 
delivered by the blood. There are two major components 
to the process by which cells utilize glucose and oxygen 
to produce energy. The first component entails anaerobic 
conversion of glucose to pyruvate, which releases a small 
amount of energy, and the second entails oxidative con- 
version of pyruvate to carbon dioxide and water with the 
release of a large amount of energy, pyruvate is continu- 
ously manufactured in the living organism from glucose. 
The process by which glucose is converted to pyruvate in- 
volves a series of enzymatic reactions that occur anaero- 
bically (in the absence of oxygen). This process is called 
"glycolysis". A small amount of energy is generated in the 
glycolytic conversion of glucose to pyruvate, but a much 
larger amount of energy is generated in a subsequent 
more complicated series of reactions in which pyruvate is 
broken down to carbon dioxide and water. This process, 
which does require oxygen and is referred to as "oxidative 
respiration", involves the stepwise metabolic breakdown 
of pyruvate by various enzymes of the Krebs tricarboxylic 
acid cycle and conversion of the products into high-en- 
ergy molecules by electron transport chain reactions. 
[0125] The enzyme, pyruvate dehydrogenase (PDH), catalyzes the 



conversion of pyruvate to acetyl CoA, a pivotal reaction in 
glucose metabolism. In the mitochondrial matrix, de- 
creased free CoA, relative to acetyl CoA, inhibits the activ- 
ity of PDH. Carnitine acetyl -transferase (CAT) catalyzes 
the transfer of the acetyl group from acetyl CoA to L- 
carnitine, freeing CoA to participate in the PDH reaction. 
Acetyl-L-carnitine can be exported from the mitochondria 
through the activity of CAT. Within the mitochondrial ma- 
trix, short- and medium-chain fatty acids can be trans- 
ferred from CoA to L-carnitine, allowing short and 
medium-chain acyl-carnitines to be exported from the 
mitochondria. This process provides free CoA needed for 
energy metabolism, as well as a mechanism to export ex- 
cess acetyl and acyl groups from the mitochondria. 
[0126] Both CoA (a critical component of beta-oxidation) and 

ACP function as acyl or acetyl carriers. CoA performs this 
function by forming thioester linkages between its 
sulfhydryl group and available acyl or acetyl groups. In 
this manner, CoA facilitates the transfer of acetyl groups 
from pyruvate to oxaloacetate in order to initiate the tri- 
carboxylic acid (TCA) cycle. Before pyruvate can be used in 
the TCA cycle, it must be converted to acetyl-CoA by ox- 
idative carboxylation. 



[0127] The formation of fatty acids from excess amounts of 

glycogen involves CoA. In the first step in the synthesis of 
fatty acids, malonyl-CoA is formed by the carboxylation of 
acetyl-CoA. Fatty acid chain elongation is also dependent 
on CoA. The cytoplasmic fatty acid synthesizing system 
uses ACP, a protein analog of CoA to bind intermediates 
in the synthesis of long-chain fatty acids. CoA is also 
needed for the transport of long chain fatty acids into the 
mitochondria, a critical component of beta-oxidation, the 
process of converting fats to energy. L-carnitine plays an 
important role in energy production by chaperoning acti- 
vated fatty acids (acyl-CoA) into the mitochondrial matrix 
for metabolism and chaperoning intermediate compounds 
out of the mitochondrial matrix to prevent their accumu- 
lation. The transport of long-chain fatty acids by L- 
carnitine into the mitochondrial matrix where they can be 
metabolized to generate energy requires three enzymes 
located on the mitochondrial outer and inner membranes. 
On the outer mitochondrial membrane of skeletal and 
cardiac muscle cells, carnitine-palmitoyl transferase I 
(CPTI) catalyzes the formation of acylcarnitine (a fatty acid 
+ L-carnitine) from acyl-CoA (a fatty acid + coenzyme A). 
A transporter protein called carnitine:acylcarnitine 



translocase (CT) transports acylcarnitine across the inner 
mitochondrial membrane. Carnitine-palmitoyl transferase 
II (CPTII) is associated with the inner mitochondrial mem- 
brane and catalyzes the formation of acyl-CoA within the 
mitochondrial matrix where it can be metabolized through 
a process called beta-oxidation, ultimately yielding propi- 
onyl-CoA and acetyl-CoA. 

[0128] Pancreatic beta-cell as a model: The energy requirements of 
most cells supplied with glucose are fulfilled by glycolytic 
and oxidative metabolism, yielding ATP. When cytosolic 
and mitochondrial contents in ATP, ADP and AMP were 
measured in islets incubated for 45 min at increasing 
concentrations of D-glucose and then exposed for 20 s to 
digitonin. The latter treatment failed to affect the total 
islet ATP/ADP ratio and adenylate charge. D-Clucose 
caused a much greater increase in cytosolic than mito- 
chondrial ATP/ADP ratio. In the cytosol, a sigmoidal pat- 
tern characterized the changes in ATP/ADP ratio at in- 
creasing concentrations of D-glucose. These findings are 
compatible with the view that cytosolic ATP participates in 
the coupling of metabolic to ionic events in the process of 
nutrient-induced insulin release. 

[0129] jo g a j n insight into the regulation of pancreatic beta-cell 



mitochondrial metabolism, the direct effects on respira- 
tion of different mitochondrial substrates, variations in 
the ATP/ADP ratio and free Ca2+ were examined using 
isolated mitochondria and permeabilized clonal pancreatic 
beta-cells (HIT). Respiration from pyruvate was highand 
not influenced by Ca2+ in State 3 or under various redox 
states and fixed values of the ATP/ADP ratio; neverthe- 
less, high Ca2+ elevated pyridine nucleotide fluorescence, 
indicating activation of pyruvate dehydrogenase by Ca2 + . 
Furthermore, in the presence of pyruvate, elevated Ca2 + 
stimulated C02 production from pyruvate, increased cit- 
rate production and efflux from the mitochondria and in- 
hibited C02 production from palmitate. The latter obser- 
vation suggests that beta-cell fatty acid oxidation is not 
regulated exclusively by malonyl-CoA but also by the mi- 
tochondrial redox state. alpha-Clycerophosphate 
(alpha-GP) oxidation was Ca(2+)-dependent with a half- 
maximal rate observed at around 300 nM Ca2 + . It was re- 
cently demonstrated that increases in respiration precede 
increases in Ca2+ in glucose-stimulated clonal pancreatic 
beta-cells (HIT), indicating that Ca2+ is not responsible 
for the initial stimulation of respiration . It is suggested 
that respiration is stimulated by increased substrate 



(alpha-GP and pyruvate) supply together with oscillatory 
increases in ADP. 

[0130] The rise in Ca2 + , which in itself may not significantly in- 
crease net respiration, could have the important functions 
of: (1) activating the alpha-GP shuttle, to maintain an oxi- 
dized cytosol and high glycolytic flux; (2) activating pyru- 
vate dehydrogenase, and indirectly pyruvate carboxylase, 
to sustain production of citrate and hence the putative 
signal coupling factors, malonyl-CoA and acyl-CoA; (3) 
increasing mitochondrial redox state to implement the 
switch from fatty acid to pyruvate oxidation. 

[° 131 ] Glucose-stimulated increases in mitochondrial 

metabolism are generally thought to be important for the 
activation of insulin secretion. Pyruvate dehydrogenase 
(PDH) is a key regulatory enzyme, believed to govern the 
rate of pyruvate entry into the citrate cycle. It has been 
shown that elevated glucose concentrations (16 or 30 vs 3 
mM) cause an increase in PDH activity in both isolated rat 
islets, and in a clonal beta-cell line (MIN6). However, in- 
creases in PDH activity elicited with either dichloroacetate, 
or by adenoviral expression of the catalytic subunit of 
pyruvate dehydrogenase phosphatase, were without effect 
on glucose-induced increases in mitochondrial pyridine 



nucleotide levels, or cytosolic ATP concentration, in MIN6 
cells, and insulin secretion from isolated rat islets. Simi- 
larly, the above parameters were unaffected by blockade 
of the glucose-induced increase in PDH activity by aden- 
ovirus-mediated over-expression of PDH kinase (PDK). 
Thus, activation of the PDH complex plays an unexpect- 
edly minor role in stimulating glucose metabolism and in 
triggering insulin release. 

[0132] | n pancreatic beta-cells, a rise in cytosolic ATP is also a 
critical signaling event, coupling closure of ATP-sensitive 
K+ channels (KATP) to insulin secretion via depolariza- 
tion-driven increases in intracellular Ca2 + . Glycolytic but 
not Krebs cycle metabolism of glucose is critically in- 
volved in this signaling process. While inhibitors of glycol- 
ysis suppressed glucose-stimulated insulin secretion, 
blockers of pyruvate transport or Krebs cycle enzymes 
were without effect. While pyruvate was metabolized in 
islets to the same extent as glucose, it produced no stim- 
ulation of insulin secretion and did not block KATP. 

[0133] | n pancreatic beta-cells, methyl pyruvate is a potent sec- 
retagogue and is widely used to study stimulus-secretion 
coupling. MP stimulated insulin secretion in the absence 
of glucose, with maximal effect at 5 mM. MP depolarized 



the beta-cell in a concentration-dependent manner (5-20 
mM). Pyruvate failed to initiate insulin release (5-20 mM) 
or to depolarize the membrane potential. ATP production 
in isolated beta-cell mitochondria was detected as accu- 
mulation of ATP in the medium during incubation in the 
presence of malate or glutamate in combination with 
pyruvate or MP. ATP production by MP and glutamate was 
higher than that induced by pyruvate/glutamate. Pyruvate 
(5 mM) or MP (5 mM) had no effect on the ATP/ADP ratio 
in whole islets, whereas glucose (20 mM) significantly in- 
creased the whole islet ATP/ADP ratio. 
[° 134 ] In contrast with pyruvate, which barely stimulates insulin 
secretion, methyl pyruvate was suggested to act as an ef- 
fective mitochondrial substrate. Methyl pyruvate elicited 
electrical activity in the presence of 0.5 mM glucose, in 
contrast with pyruvate. Accordingly, methyl pyruvate in- 
creased the cytosolic free Ca(2+) concentration after an 
initial decrease, similar to glucose. However, in contrast 
with glucose, methyl pyruvate even slightly decreased 
NAD(P)H autofluorescence and did not influence ATP pro- 
duction or the ATP/ADP ratio. Therefore, MP-induced 
beta-cell membrane depolarization or insulin release does 
not relate directly to mitochondrial ATP production. 



[0135] The finding that methyl pyruvate directly inhibited a 
cation current across the inner membrane of Jurkat T- 
lymphocyte mitochondria suggests that this metabolite 
may increase ATP production in beta-cells by activating 
the respiratory chains without providing reduction equiva- 
lents. This mechanism may account for a slight and tran- 
sient increase in ATP production. Furthermore methyl 
pyruvate inhibited the K(ATP) current measured in the 
standard whole-cell configuration. Accordingly, single- 
channel currents in inside-out patches were blocked by 
methyl pyruvate. Therefore, the inhibition of K(ATP) chan- 
nels, and not activation of metabolism, mediates the in- 
duction of electrical activity in pancreatic beta-cells by 
methyl pyruvate. 

[0136] As a membrane-permeant analog, methyl pyruvate, pro- 
duced a block of KATP, a sustained rise in [Ca2+]i, and an 
increase in insulin secretion 6-fold the magnitude of that 
induced by glucose. This indicates that ATP derived from 
mitochondrial pyruvate metabolism does not substantially 
contribute to the regulation of KATP responses to a glu- 
cose challenge. Supporting the notion of sub- 
compartmentation of ATP within the beta-cell. Supra- 
normal stimulation of the Krebs cycle by methyl pyruvate 



can, however, overwhelm intracellular partitioning of ATP 
and thereby drive insulin secretion. 
[0137] The metabolism of methyl pyruvate was compared to that 
of pyruvate in isolated rat pancreatic islets. Methyl pyru- 
vate was found to be more efficient than pyruvate in sup- 
porting the intramitochondrial conversion of pyruvate 
metabolites to amino acids, inhibiting D-[5-3H]glucose 
utilization, maintaining a high ratio between D-[3,4-14C] 
glucose or D-[6-14C]glucose oxidation and D- 
[5-3H]glucose utilization, inhibiting the intramitochon- 
drial conversion of glucose-derived 2-keto acids to their 
corresponding amino acids, and augmenting 14C02 out- 
put from islets prelabeled with L-[U-14C] glutamine. 
Methyl pyruvate also apparently caused a more marked 
mitochondrial alkalinization than pyruvate, as judged 
from comparisons of pH measurements based on the use 
of either a fluorescein probe or 14C-labeled 
5,5-dimethyl-oxazolidine-2,4-dione. Inversely, pyruvate 
was more efficient than methyl pyruvate in increasing lac- 
tate output and generating L-alanine. These converging 
findings indicate that, by comparison with exogenous 
pyruvate, its methyl ester is preferentially metabolized in 
the mitochondrial, rather than cytosolic, domain of islet 



cells. It is proposed that both the positive and the nega- 
tive components of methyl pyruvate insulinotropic action 
are linked to changes in the net generation of reducing 
equivalents, ATP and H+. 
[0138] Methyl pyruvate was found to exert a dual effect on in- 
sulin release from isolated rat pancreatic islets. A positive 
insulinotropic action prevailed at low concentrations of D- 
glucose, in the 2.8 to 8.3 mM range, and at concentra- 
tions of the ester not exceeding 10.0 mM. It displayed 
features typical of a process of nutrient-stimulated insulin 
release, such as decreased K+ conductance, enhanced 
Ca2+ influx, and stimulation of proinsulin biosynthesis. A 
negative insulinotropic action of methyl pyruvate was also 
observed, however, at a high concentration of D-glucose 
(16.7 mM) and/or at a high concentration of the methyl 
ester (20.0 mM). It was apparently not attributable to any 
adverse effect of methyl pyruvate on ATP generation, but 
might be due to hyperpolarization of the plasma mem- 
brane. The ionic determinant(s) of the latter change was 
not identified. The dual effect of methyl pyruvate probably 
accounts for an unusual time course of the secretory re- 
sponse, including a dramatic and paradoxical stimulation 
of insulin release upon removal of the ester. 



[0139] Pancreatic beta-cell metabolism was followed during glu- 
cose and pyruvate stimulation of pancreatic islets using 
quantitative two-photon NAD(P)H imaging. The observed 
redox changes, spatially separated between the cytoplasm 
and mitochondria, were compared with whole islet insulin 
secretion. As expected, both NAD(P)H and insulin secre- 
tion showed sustained increases in response to glucose 
stimulation. In contrast, pyruvate caused a much lower 
NAD(P)H response and did not generate insulin secretion. 
Low pyruvate concentrations decreased cytoplasmic 
NAD(P)H without affecting mitochondrial NAD(P)H, 
whereas higher concentrations increased cytoplasmic and 
mitochondrial levels. However, the pyruvate-stimulated 
mitochondrial increase was transient and equilibrated to 
near-base-line levels. Inhibitors of the mitochondrial 
pyruvate-transporter and malate-aspartate shuttle were 
utilized to resolve the glucose- and pyruvate-stimulated 
NAD(P)H response mechanisms. 

[0140] These data showed that glucose-stimulated mitochondrial 
NAD(P)H and insulin secretion are independent of pyru- 
vate transport but dependent on NAD(P)H shuttling. In 
contrast, the pyruvate-stimulated cytoplasmic NAD(P)H 
response was enhanced by both inhibitors. Surprisingly 



the malate-aspartate shuttle inhibitor enabled pyruvate- 
stimulated insulin secretion. These data support a model 
in which glycolysis plays a dominant role in glucose- 
stimulated insulin secretion. Based on these data, it was 
proposed as a mechanism for glucose-stimulated insulin 
secretion that includes allosteric inhibition of tricarboxylic 
acid cycle enzymes and pH dependence of mitochondrial 
pyruvate transport. 
[0141] Pyridine dinucleotides (NAD and NADP) are ubiquitous co- 
factors involved in hundreds of redox reactions essential 
for the energy transduction and metabolism in all living 
cells. In addition, NAD also serves as a substrate for ADP- 
ribosylation of a number of nuclear proteins, for silent in- 
formation regulator 2 (Sir2)-like histone deacetylase that 
is involved in gene silencing regulation, and for cyclic ADP 
ribose (cADPR)-dependent Ca(2+) signaling. Pyridine nu- 
cleotide adenylyltransferase (PNAT) is an indispensable 
central enzyme in the NAD biosynthesis pathways catalyz- 
ing the condensation of pyridine mononucleotide (NMN or 
NaMN) with the AMP moiety of ATP to form NAD (or 
NaAD). 

[° 142 ] 1. In isolated pancreatic islets, pyruvate causes a shift to 
the left of the sigmoidal curve relating the rate of insulin 



release to the ambient glucose concentration. The magni- 
tude of this effect is related to the concentration of pyru- 
vate (5 — 90 mM) and, at a 30 mM concentration, is equiv- 
alent to that evoked by 2 mM-glucose. 

[° 143 ] 2. In the presence of glucose 8 mM), the secretory re- 
sponse to pyruvate is an immediate process, displaying a 
biphasic pattern. 

[0144] 3_ The insulinotropic action of pyruvate coincides with an 
inhibition of 45Ca efflux and a stimulation of 45Ca net 
uptake. The relationship between 45Ca uptake and insulin 
release displays its usual pattern in the presence of pyru- 
vate. 

[0145] 4. Exogenous pyruvate rapidly accumulates in the islets in 
amounts close to those derived from the metabolism of 
glucose. The oxidation of [2-14C]pyruvate represents 64% 
of the rate of [1-14C] pyruvate decarboxylation and, at a 
30 mM concentration, is comparable with that of 8 mM- 
[U-14C]glucose. 

[0146] 5. when corrected for the conversion of pyruvate into lac- 
tate, the oxidation of 30 mM-pyruvate corresponds to a 
net generation of about 314 pmol of reducing equiva- 
lents/120 min per islet. 

[0147] 5 Pyruvate does not affect the rate of glycolysis, but in- 



hibits the oxidation of glucose. Glucose does not affect 
pyruvate oxidation. 

[0148] 7, pyruvate (30 mM) does not affect the concentration of 
ATP, ADP and AMP in the islet cells. 

[0149] s. Pyruvate (30 mM) increases the concentration of re- 
duced nicotinamide nucleotides in the presence but not in 
the absence of glucose. A close correlation is seen be- 
tween the concentration of reduced nicotinamide nu- 
cleotides and the net uptake of 45Ca. 

[0150] g, pyruvate, like glucose, modestly stimulates lipogenesis. 

[0151] io. Pyruvate, in contrast with glucose, markedly inhibits 
the oxidation of endogenous nutrients. The latter effect 
accounts for the apparent discrepancy between the rate of 
pyruvate oxidation and the magnitude of its insulinotropic 
action. 

[0152] n_ | t j S concluded that the effect of pyruvate to stimulate 
insulin release depends on its ability to increase the con- 
centration of reduced nicotinamide nucleotides in the islet 
cells. 

[0153] Glucose-stimulated insulin secretion is a multi-step pro- 
cess dependent on cell metabolic flux. Previous studies on 
intact pancreatic islets used two-photon NAD(P)H imaging 
as a quantitative measure of the combined redox signal 



from NADH and NADPH (referred to as NAD(P)H). These 
studies showed that pyruvate, a non-secretagogue, enters 
-cells and causes a transient rise in NAD(P)H. To further 
characterize the metabolic fate of pyruvate, a one-photon 
flavoprotein microscopy has been developed as a simulta- 
neous assay of lipoamide dehydrogenase (LipDH) autoflu- 
orescence. This flavoprotein is in direct equilibrium with 
mitochondrial NADH. 

[0154] using this method, the glucose-dose response is consis- 
tent with an increase in both NADH and NADPH. In con- 
trast, the transient rise in NAD(P)H observed with pyruvate 
stimulation is not accompanied by a significant change in 
LipDH, which indicates that pyruvate raises cellular NADPH 
without raising NADH. In comparison, methyl pyruvate 
stimulated a robust NADH and NADPH response. These 
data provide new evidence that exogenous pyruvate does 
not induce a significant rise in mitochondrial NADH. This 
inability likely results in its failure to produce the ATP 
necessary for stimulated secretion of insulin. Overall, 
these data are consistent with either restricted PDH de- 
pendent metabolism or a buffering of the NADH response 
by other metabolic mechanisms. 

[0155] Glucose metabolism in glycolysis and in mitochondria is 



pivotal to glucose-induced insulin secretion from pancre- 
atic beta cells. One or more factors derived from glycoly- 
sis other than pyruvate appear to be required for the gen- 
eration of mitochondrial signals that lead to insulin secre- 
tion. The electrons of the glycolysis-derived reduced form 
of nicotinamide adenine dinucleotide (NADH) are trans- 
ferred to mitochondria through the NADH shuttle system. 
By abolishing the NADH shuttle function, glucose-induced 
increases in NADH autofluorescence, mitochondrial mem- 
brane potential, and adenosine triphosphate content were 
reduced and glucose-induced insulin secretion was abro- 
gated. The NADH shuttle evidently couples glycolysis with 
activation of mitochondrial energy metabolism to trigger 
insulin secretion. 
[0156] jo determine the role of the NADH shuttle system com- 
posed of the glycerol phosphate shuttle and malate-as- 
partate shuttle in glucose-induced insulin secretion from 
pancreatic beta cells, mice which lack mitochondrial glyc- 
erol-3 phosphate dehydrogenase mCPDH), a rate-limiting 
enzyme of the glycerol phosphate shuttle were used. 
When both shuttles were halted in mGPDH-deficient islets 
treated with aminooxyacetate, an inhibitor of the malate- 
aspartate shuttle, glucose-induced insulin secretion was 



almost completely abrogated. Under these conditions, al- 
though the flux of glycolysis and supply of glucose-de- 
rived pyruvate into mitochondria were unaffected, glu- 
cose-induced increases in NAD(P)H autofluorescence, mi- 
tochondrial membrane potential, Ca2+ entry into mito- 
chondria, and ATP content were severely attenuated. 

[0157] This study provides the first direct evidence that the 

NADH shuttle system is essential for coupling glycolysis 
with the activation of mitochondrial energy metabolism to 
trigger glucose-induced insulin secretion and thus revises 
the classical model for the metabolic signals of glucose- 
induced insulin secretion. 

[0158] incubation of porcine carotid arteries with 0. 4 mmol 
amino-oxyacetic acid an inhibitor of glutamate-ox- 
aloacetate transaminase and, hence the malate-aspartate 
shuttle, inhibited 02 consumption by 21%, decreased the 
content of phosphocreatine and inhibited activity of the 
tricarboxylic acid cycle. The rate of glycolysis and lactate 
production was increased but glucose oxidation was in- 
hibited. These effects of amino-oxyacetic acid were ac- 
companied by evidence of inhibition of the malate-as- 
partate shuttle and elevation in the cytoplasmic redox po- 
tential and NADH/NAD ratio as indicated by elevation of 



the concentration ratios of the lactate/ pyruvate and glyc- 
erol-3-phosphate/dihydroxyacetone phosphate metabo- 
lite redox couples.Addition of the fatty acid octanoate 
normalized the adverse energetic effects of malate-as- 
partate shuttle inhibition. It is concluded that the malate- 
aspartate shuttle is a primary mode of clearance of NADH 
reducing equivalents from the cytoplasm in vascular 
smooth muscle. Glucose oxidation and lactate production 
are influenced by the activity of the shuttle. The results 
support the hypothesis that an increased cytoplasmic 
NADH redox potential impairs mitochondrial energy 
metabolism. 

[0159] Beta-Methyleneaspartate, a specific inhibitor of aspartate 
aminotransferase (EC 2.6.1.1.), was used to investigate 
the role of the malate-aspartate shuttle in rat brain 
synaptosomes. Incubation of rat brain cytosol, "free" mi- 
tochondria, synaptosol, and synaptic mitochondria, with 2 
mM beta-methyleneaspartate resulted in inhibition of as- 
partate aminotransferase by 69%, 67%, 49%, and 76%, re- 
spectively. The reconstituted malate-aspartate shuttle of 
"free" brain mitochondria was inhibited by a similar de- 
gree (53%). 

[0160] As a consequence of the inhibition of the aspartate 



aminotransferase, and hence the malate-aspartate shut- 
tle, the following changes were observed in synapto- 
somes: decreased glucose oxidation via the pyruvate de- 
hydrogenase reaction and the tricarboxylic acid cycle; de- 
creased acetylcholine synthesis; and an increase in the cy- 
tosolic redox state, as measured by the lactate /pyruvate 
ratio. The main reason for these changes can be at- 
tributed to decreased carbon flow through the tricar- 
boxylic acid cycle (i.e., decreased formation of oxaloac- 
etate), rather than as a direct consequence of changes in 
the NAD+/NADH ratio. Malate/glutamate oxidation in 
"free" mitochondria was also decreased in the presence of 
2 mM beta-methyleneaspartate. This is probably a result 
of decreased glutamate transport into mitochondria as a 
result of low levels of aspartate, which are needed for the 
exchange with glutamate by the energy-dependent gluta- 
mate-aspartate translocator. 
[0161] Aminooxyacetate, an inhibitor of pyridoxal-dependent 
enzymes, is routinely used to inhibit gamma- 
aminobutyrate metabolism. The bioenergetic effects of 
the inhibitor on guinea-pig cerebral cortical synapto- 
somes are investigated. It prevents the reoxidation of cy- 
tosolic NADH by the mitochondria by inhibiting the 



malate-aspartate shuttle, causing a 26 mV negative shift 
in the cytosolic NAD+/NADH redox potential, an increase 
in the lactate/ pyruvate ratio and an inhibition of the abil- 
ity of the mitochondria to utilize glycolytic pyruvate. The 
3-hydroxybutyrate/acetoacetate ratio decreased signifi- 
cantly, indicating oxidation of the mitochondrial 
NAD+/NADH couple. The results are consistent with a 
predominant role of the malate-aspartate shuttle in the 
reoxidation of cytosolic NADH in isolated nerve terminals. 
Aminooxyacetate limits respiratory capacity and lowers 
mitochondrial membrane potential and synaptosomal 
ATP/ADP ratios to an extent similar to glucose depriva- 
tion. 

[0162] Variations in the cytoplasmic redox potential (Eh) and 

NADH/NAD ratio as determined by the ratio of reduced to 
oxidized intracellular metabolite redox couples may affect 
mitochondrial energetics and alter the excitability and 
contractile reactivity of vascular smooth muscle. To test 
these hypotheses, the cytoplasmic redox state was exper- 
imentally manipulated by incubating porcine carotid artery 
strips in various substrates. The redox potentials of the 
metabolite couples [lactate]/[pyruvate]i and [glycerol 3- 
phosphate] / [dihydroxyacetone phosphate]i varied lin- 



early (r=0.945), indicating equilibrium between the two 
cytoplasmic redox systems and with cytoplasmic NADH/ 
NAD. Incubation in physiological salt solution (PSS) con- 
taining 10 mm pyruvate ([lact]/[pyr]=0.6) increased 02 
consumption approximately 45% and produced anaplero- 
sis of the tricarboxylic acid (TCA cycle), whereas incuba- 
tion with 10 mm lactate-PSS ([lact]/[pyr]i=47) was without 
effect. A hyperpolarizing dose of external KCI (10 mM) 
produced a decrease in resting tone of muscles incubated 
in either glucose-PSS (-0.8+/-0.8 g) or pyruvate-PSS 
(-2.1 + /-0.8 g), but increased contraction in lactate-PSS 
(1.5 + /-0.7 g) (n = 12-18, P<0.05). The rate and magni- 
tude of contraction with 80 mm KCI (depolarizing) was 
decreased in lactate-PSS (P=0.001). Slopes of KCI concen- 
tration-response curves indicated pyruvate > glucose > 
lactate (P<0.0001); EC50 in lactate (29. 1 + /-1.0 mM) was 
less than that in either glucose (32.1 + /-0.9 mm) or pyru- 
vate (32.2 + /-1.0 mM), P<0.03. The results are consistent 
with an effect of the cytoplasmic redox potential to influ- 
ence the excitability of the smooth muscle and to affect 
mitochondrial energetics. 
[0163] The cytoplasmic NADH/NAD redox potential affects en- 
ergy metabolism and contractile reactivity of vascular 



smooth muscle. NADH/NAD redox state in the cytosol is 
predominately determined by glycolysis, which in smooth 
muscle is separated into two functionally independent cy- 
toplasmic compartments, one of which fuels the activity of 
Na(+)-K(+)-ATPase. The effect was examined of varying 
the glycolytic compartments on cystosolic NADH/NAD re- 
dox state. Inhibition of Na(+)-K(+)-ATPase by 10 microM 
ouabain resulted in decreased glycolysis and lactate pro- 
duction. Despite this, intracellular concentrations of the 
glycolytic metabolite redox couples of lactate/ pyruvate 
and glycerol-3-phosphate/dihydroxyacetone phosphate 
(thus NADH/NAD) and the cytoplasmic redox state were 
unchanged. The constant concentration of the metabolite 
redox couples and redox potential was attributed to: 1) 
decreased efflux of lactate and pyruvate due to decreased 
activity of monocarboxylate B-H(+) transporter secondary 
to decreased availability of H(+) for cotransport and; 2) 
increased uptake of lactate (and perhaps pyruvate) from 
the extracellular space, probably mediated by the mono- 
carboxylate-H(+) transporter, which was specifically 
linked to reduced activity of Na(+)-K(+)-ATPase. 
[0164] ^ W as concluded that redox potentials of the two gly- 
colytic compartments of the cytosol maintain equilibrium 



and that the cytoplasmic NADH/NAD redox potential re- 
mains constant in the steady state despite varying gly- 
colytic flux in the cytosolic compartment for 
Na(+)-K(+)-ATPase. 
[01 65] Methyl pyruvate as a PPAR agonist. Peroxisomal proliferator-ac- 
tivated receptors (PPARs) belong to a nuclear receptor su- 
perfamily of ligand-activated transcription factors. Peroxi- 
some proliferator-activated receptor (PPAR) is activated 
when a ligand binds to the ligand-binding domain at the 
side of C-termini. So far, three types of isoforms of alpha 
form, gamma form and delta form have been identified as 
PPARs, and the expression tissues and the functions are 
different respectively. Peroxisome proliferators are a 
structurally diverse group of compounds which, when ad- 
ministered to rodents, elicit dramatic increases in the size 
and number of hepatic and renal peroxisomes, as well as 
concomitant increases in the capacity of peroxisomes to 
metabolize fatty acids via increased expression of the en- 
zymes required for the beta-oxidation cycle It is known 
that the alpha-isoform of peroxisome proliferator-acti- 
vated receptor (PPAR.alpha) acts to stimulate peroxisomal 
proliferation in the rodent liver which leads to enhanced 
fatty oxidation by this organ. (PPAR) alpha is a nuclear re- 



ceptor that is mainly expressed in tissues with a high de- 
gree of fatty acid oxidation such as liver, heart, and skele- 
tal muscle. There is a sex difference in PPARalpha expres- 
sion. Male rats have higher levels of hepatic PPARalpha 
mRNA and protein than female rats. Chemicals included in 
this group are the fibrate class of hypolipidermic drugs, 
herbicides, and phthalate plasticizers. Peroxisome prolif- 
eration can also be elicited by dietary or physiological fac- 
tors such as a high-fat diet and cold acclimatization. The 
importance of peroxisomes in humans is stressed by the 
existence of a group of genetic diseases in man in which 
one or more peroxisomal functions are impaired. Most of 
the functions known to take place in peroxisomes have to 
do with lipids. Indeed, peroxisomes are capable of 1. fatty 
acid beta-oxidation 2. fatty acid alpha-oxidation 3. syn- 
thesis of cholesterol and other isoprenoids 4. ether- 
phospholipid synthesis and 5. biosynthesis of polyunsatu- 
rated fatty acids. 
[0166] | n animal cells peroxisomes as well as mitochondria are 
capable of degrading lipids via beta-oxidation. Neverthe- 
less, there are important differences between the two sys- 
tems. 1) The peroxisomal and mitochondrial beta- 
oxidation enzymes are different proteins. 2) Peroxisomal 



beta-oxidation does not degrade fatty acids completely 
but acts as a chain-shortening system, catalyzing only a 
limited number of beta-oxidation cycles. 3) Peroxisomal 
beta-oxidation is not coupled to oxidative phosphoryla- 
tion and is thus less efficient than mitochondrial beta- 
oxidation as far as energy conservation is concerned. 4) 
Peroxisomal beta-oxidation is not regulated by malonyl- 
CoA and—as a consequence — by feeding as opposed to 
starvation. 

[0167] Peroxisomes are responsible for the beta-oxidation of 
very long chain (> C20) fatty acids, dicarboxylic fatty 
acids, 2-methyl-branched fatty acids, prostaglandins, 
leukotrienes, and the carboxyl side chains of certain 
xenobiotics and of the bile acid intermediates di- and tri- 
hydroxycoprostanic acids. Mitochondria oxidize mainly 
long (C16-C20) chain fatty acids, which — because of their 
abundance—constitute a major source of metabolic fuel. 
The first step in peroxisomal beta-oxidation is catalyzed 
by two acyl-CoA oxidases in extrahepatic tissues and by 
three acyl-CoA oxidases in liver, each enzyme having its 
own substrate specificity. Palmitoyl-CoA oxidase and 
pristanoyl-CoA oxidase are found in liver and extrahep- 
atic tissues. The former enzyme oxidizes the CoA esters 



of straight chain fatty acids, dicarboxylic fatty acids and 
prostaglandins; the latter enzyme oxidizes the CoA esters 
of branched fatty acids but also shows some activity to- 
wards straight chain and dicarboxylic fatty acids. Hepatic 
peroxisomes contain a third acyl-CoA oxidase, trihydrox- 
ycoprostanoyl-CoAA oxidase, which oxidizes the CoA es- 
ters of the bile acid intermediates di- an trihydroxyco- 
prostanic acids. Treatment of rodents with a number of 
structurally diverse compounds called peroxisome prolif- 
erators, results in the proliferation of peroxisomes, espe- 
cially in liver, and in the induction of the hepatic peroxi- 
somal beta-oxidation enzymes except pristanoyl-CoA ox- 
idase and trihydroxycoprostanoyl -CoA oxidase. There 
exist several inborn errors, in which peroxisomal beta- 
oxidation is deficient. These diseases are characterized by 
severe neurological symptoms. The biochemical findings 
in these diseases confirm the function of peroxisomal 
beta-oxidation as described above. 
[0168] insight into the mechanism whereby peroxisome prolifer- 
ators exert their pleiotropic effects was provided by the 
identification of a member of the nuclear hormone recep- 
tor superfamily activated by these chemicals. This recep- 
tor, termed peroxisome proliferator activated receptor al- 



pha (PPAR alpha), was subsequently shown to be activated 
by a variety of medium and long-chain fatty acids and to 
stimulate expression of the genes. . The PPAR alpha binds 
to promoter domain of key enzymes concerning in the 
lipid catabolism system such as acyl-CoA synthase exist- 
ing in the cytosol, acyl-CoA dehydrogenase and HMG-CoA 
synthase existing in the mitochondria and acyl-CoA oxi- 
dase existing in the peroxisome of liver. From the analysis 
of PPAR alpha-deficient mice, it is being considered that 
the PPAR alpha plays an important role for the energy ac- 
quisition in starvation state, that is, oxidation of fatty acid 
and formation of ketone body in liver. 

[0169] since the discovery of PPAR alpha additional isoforms of 
PPAR have been identified, PPAR beta, PPAR gamma and 
PPAR delta, which are spatially differentially expressed. 

[0170] The nuclear peroxisome proliferator-activated receptor 

gamma (PPARgamma) activates the transcription of multi- 
ple genes involved in intra- and extracellular lipid 
metabolism. These PPARs regulate expression of target 
genes by binding to DNA sequence elements, termed 
PPAR response elements (PPRE). To date, PPRE's have been 
identified in the enhancers of a number of genes encoding 
proteins that regulate lipid metabolism suggesting that 



PPARs play a pivotal role in the adipogenic signaling cas- 
cade and lipid homeostasis. Because there are several iso- 
forms of PPAR, it is desirable to identify compounds which 
are capable of selectively interacting with only one of the 
PPAR isoforms. Hypolipidaemic agents have the ability to 
stimulate PPAR alpha and the ensuing stimulation of per- 
oxisomal proliferation and consequent fatty acid oxidation 
can account for the reduction in plasma fatty acids. PPAR- 
gamma plays a key role in adipocyte differentiation and 
insulin sensitivity - its selective synthetic ligands, the thi- 
azolidinediones (TZD), are used as insulin sensitizers in 
the treatment of type 2 diabetes. Compounds also exist 
which exhibit agonist activity at both PPAR alpha and PPAR 
gamma and would be particularly effective for the treat- 
ment of obesity as well as for the treatment of diabetes/ 
pre-diabetic insulin resistance syndrome and the resulting 
complications thereof. Function of PPAR delta is not very 
understood compared with alpha form or gamma form. 
[° 171 ] Knowledge of the mechanisms that regulate PDC activity 
is important, because PDC inactivation is crucial for glu- 
cose conservation when glucose is scarce, whereas ade- 
quate PDC activity is required to allow both ATP and FA 
production from glucose. Fuel metabolism is highly regu- 



lated to ensure adequate energy for cellular function. The 
contribution of the major metabolic fuels — glucose, lac- 
tate and fatty acids (FAs) — often reflects their circulating 
levels. In addition, regulatory cross-talk and fuel-induced 
hormone secretion ensures appropriate and co-ordinate 
fuel utilization. Because its activity can either determine or 
reflect fuel preference (carbohydrate versus fat), the pyru- 
vate dehydrogenase complex (PDC) occupies a pivotal po- 
sition in fuel cross-talk. Active PDC permits glucose oxi- 
dation and allows the formation of mitochondrially de- 
rived intermediates (e.g. malonyl-CoA and citrate) that re- 
flect fuel abundance. FA oxidation suppresses PDC activ- 
ity. PDC inactivation by phosphorylation is catalysed by 
pyruvate dehydrogenase kinases (PDKs) 1-4, which are 
regulated differentially by metabolite effectors. Most tis- 
sues contain at least two and often three of the PDK iso- 
forms. A hypothesis was developed that PDK4 is a "lipid 
status'-responsive PDK isoform facilitating FA oxidation 
and signalling through citrate formation. Substrate inter- 
actions at the level of gene transcription extend glucose- 
FA interactions to the longer term. Isoform-specific dif- 
ferences in kinetic parameters, regulation, and phospho- 
rylation site specificity of the PDKs introduce variations in 



the regulation of PDC activity in differing endocrine and 
metabolic states. Thus potential targets for substrate-me- 
diated transcriptional regulation in relation to selective 
PDK isoform expression and the influence of altered PDK 
isoform expression in fuel sensing, selection and utiliza- 
tion. 

[0172] Adequate flux through PDC is important in tissues with a 
high ATP requirement, in lipogenic tissues (since it pro- 
vides cytosolic acetyl-CoA for fatty acid (FA) synthesis), 
and in generating cytosolic malonyl-CoA, a potent in- 
hibitor of carnitine palmitoyltransferase (CPT I). Con- 
versely, suppression of PDC activity is crucial for glucose 
conservation when glucose is scarce. Recent advances re- 
lating to the control of mammalian PDC activity by phos- 
phorylation (inactivation) and dephosphorylation 
(activation, reactivation), in particular regulation of PDC by 
pyruvate dehydrogenase kinase (PDK) which phosphory- 
lates and inactivates PDC. Inactivation of PDC by increased 
PDK activity promotes gluconeogenesis by conserving 
three-carbon substrates. PDK activity is that of a family of 
four proteins (PDK1-4). PDK2 and PDK4 appear to be ex- 
pressed in most major tissues and organs of the body, 
PDK1 appears to be limited to the heart and pancreatic 



islets, and PDK3 is limited to the kidney, brain and testis. 
PDK4 is selectively upregulated in the longer term in most 
tissues and organs in response to starvation and hor- 
monal imbalances such as insulin resistance, diabetes 
mellitus and hyperthyroidism. Parallel increases in PDK2 
and PDK4 expression appear to be restricted to glucon- 
ceogenesic tissues, liver and kidney, which take up as well 
as generate pyruvate. 
[0173] immunoblot analysis with antibodies raised against re- 
combinant PDK isoforms demonstrated changes in PDK 
isoform expression in response to experimental hyperthy- 
roidism (100 microg/100 g body weight; 3 days) that was 
selective for fast-twitch vs slow-twitch skeletal muscle in 
that PDK2 expression was increased in the fast-twitch 
skeletal muscle (the anterior tibialis) (by 1. 6-fold; 
P<0.05) but not in the slow-twitch muscle (the soleus). 
PDK4 protein expression was increased by experimental 
hyperthyroidism in both muscle types, there being a 
greater response in the anterior tibialis (4.2-fold increase; 
P<0.05) than in the soleus (3.2-fold increase; P<0.05). 
The hyperthyroidism-associated up-regulation of PDK4 
expression was observed in conjunction with suppression 
of skeletal-muscle PDC activity, but not suppression of 



glucose uptake/phosphorylation, as measured in vivo in 
conscious unrestrained rats (using the 
2-[(3)H]deoxyglucose technique). It has been proposed 
that increased PDK isoform expression contributes to the 
pathology of hyperthyroidism and to PDC inactivation by 
facilitating the operation of the glucose — > lactate — > 
glucose (Cori) and glucose — > alanine — > glucose cy- 
cles. It was also proposed that enhanced relative expres- 
sion of the pyruvate-insensitive PDK isoform (PDK4) in 
skeletal muscle in hyperthyroidism uncouples glycolytic 
flux from pyruvate oxidation, sparing pyruvate for non- 
oxidative entry into the tricarboxylic acid (TCA) cycle, and 
thereby supporting entry of acetyl-CoA (derived from fatty 
acid oxidation) into the TCA cycle. 
[0174] Regulation of PDC determines and reflects substrate pref- 
erence and is critical to the 'glucose-fatty acid cycle', a 
concept of reciprocal regulation of lipid and glucose oxi- 
dation to maintain glucose homoeostasis. Mammalian PDC 
activity is inactivated by phosphorylation by the PDKs 
(pyruvate dehydrogenase kinases). PDK inhibition by 
pyruvate facilitates PDC activation, favouring glucose oxi- 
dation and malonyl-CoA formation: the latter suppresses 
LCFA (long-chain fatty acid) oxidation. PDK activation by 



the high mitochondrial acetyl-CoA/CoA and NADH/ 
NAD(+) concentration ratios that reflect high rates of 
LCFA oxidation causes blockade of glucose oxidation. 
Complementing glucose homoeostasis in health, fuel al- 
lostasis, i.e. adaptation to maintain homoeostasis, is an 
essential component of the response to chronic changes 
in glycaemia and lipidaemia in insulin resistance. The 
concept that the PDKs act as tissue homoeostats, sug- 
gests that long-term modulation of expression of individ- 
ual PDKs, particularly PDK4, is an essential component of 
allostasis to maintain homoeostasis. This also describes 
the intracellular signals that govern the expression of the 
various PDK isoforms, including the roles of the peroxi- 
some proliferator-acivated receptors and lipids, as effec- 
tors within the context of allostasis. 
[0175] Agonists of peroxisome proliferator-activated receptors 
(PPARs) have emerged as important pharmacological 
agents for improving insulin action. A major mechanism 
of action of PPAR agonists is thought to involve the alter- 
ation of the tissue distribution of nonesterified fatty acid 
(NEFA) uptake and utilization. To test this hypothesis di- 
rectly, the effect of the novel PPARa/g agonist tesaglitazar 
was examined on whole-body insulin sensitivity and NEFA 



clearance into epididymal white adipose tissue (WAT), red 
gastrocnemius muscle, and liver in rats with dietary-in- 
duced insulin resistance. Wistar rats were fed a high-fat 
diet (59 of calories as fat) for 3 wk with or without treat- 
ment with tesaglitazar (1 mmol.kg-l.d-1, 7 d). NEFA 
clearance was measured using the partially metabolizable 
NEFA tracer, 3H-R-bromopalmitate, administered under 
conditions of basal or elevated NEFA availability. Tesagli- 
tazar improved the insulin sensitivity of high-fat-fed rats, 
indicated by an increase in the glucose infusion rate dur- 
ing hyperinsulinemic-euglycemic clamp (P < 0.01). This 
improvement in insulin action was associated with de- 
creased diglyceride (P < 0.05) and long chain acyl coen- 
zyme A (P < 0.05) in skeletal muscle. NEFA clearance into 
WAT of high-fat-fed rats was increased 52 by tesaglitazar 
under basal conditions (P < 0.001). In addition the PPARa/ 
g agonist moderately increased hepatic and muscle NEFA 
utilization and reduced hepatic triglyceride accumulation 
(P < 0.05). This study shows that tesaglitazar is an effec- 
tive insulin-sensitizing agent in a mild dietary model of 
insulin resistance. Furthermore, wthisrovide tshe first di- 
rect in vivo evidence that an agonist of both PPARa and 
PPARg increases the ability of WAT, liver, and skeletal 



muscle to use fatty acids in association with its beneficial 
effects on insulin action in this model. 

[0176] |_j ver contains two pyruvate dehydrogenase kinases 

(PDKs), namely PDK2 and PDK4, which regulate glucose 
oxidation through inhibitory phosphorylation of the pyru- 
vate dehydrogenase complex (PDC). Starvation increases 
hepatic PDK2 and PDK4 protein expression, the latter oc- 
curring, in part, via a mechanism involving peroxisome 
proliferator-activated receptor-alpha (PPARalpha). High- 
fat feeding and hyperthyroidism, which increase circulat- 
ing lipid supply, enhance hepatic PDK2 protein expres- 
sion, but these increases are insufficient to account for 
observed increases in hepatic PDK activity. Enhanced ex- 
pression of PDK4, but not PDK2, occurs in part via a 
mechanism involving PPAR-alpha. 

[0177] Fatty acid metabolism is transcriptionally regulated by two 
reciprocal systems: peroxisome proliferator-activated re- 
ceptor (PPAR) a controls fatty acid degradation, whereas 
sterol regulatory element-binding protein-lc activated by 
liver X receptor (LXR) regulates fatty acid synthesis. To ex- 
plore potential interactions between LXR and PPAR, the ef- 
fect of LXR activation on PPARa signaling was investigated. 
In luciferase reporter gene assays, overexpression of LXRa 



or b suppressed PPARa- induced peroxisome proliferator 
response element-luciferase activity in a dose-dependent 
manner. LXR agonists, T0901317 and 
22(R)-hydroxycholesterol, dose dependently enhanced the 
suppressive effects of LXRs. Gel shift assays demonstrated 
that LXR reduced binding of PPARa/ retinoid X receptor 
(RXR) a to peroxisome proliferator response element. Ad- 
dition of increasing amounts of RXRa restored these in- 
hibitory effects in both luciferase and gel shift assays, 
suggesting the presence of RXRa competition. In vitro 
protein binding assays demonstrated that activation of 
LXR by an LXR agonist promoted formation of LXR/RXRa 
and, more importantly, LXR/PPARa heterodimers, leading 
to a reduction of PPARa/ RXRa formation. Supportively, in 
vivo administration of the LXR ligand to mice and rat pri- 
mary hepatocytes substantially decreased hepatic mRNA 
levels of PPARa-targeted genes in both basal and PPARa 
agonist-induced conditions. The amount of nuclear 
PPARa/RXR heterodimers in the mouse livers was induced 
by treatment with PPARa ligand, and was suppressed by 
superimposed LXR ligand. Taken together with data from 
the paper (Yoshikawa, T., T. Ide, H. Shimano, N. Yahagi, 
M. Amemiya-Kudo, T. Matsuzaka, S. Yatoh, T. Kitamine, 



H. Okazaki, Y. Tamura, M. Sekiya, A. Takahashi, A. H. 
Hasty, R. Sato, H. SoneJ. Osuga, S. Ishibashi, and N. Ya- 
mada, Endocrinology 144:1240-1254) describing PPARa 
suppression of the LXR-sterol regulatory element-binding 
protein- lc pathway, it has been proposed that the pres- 
ence of an intricate network of nutritional transcription 
factors with mutual interactions, resulting in efficient re- 
ciprocal regulation of lipid degradation and lipogenesis. 
[0178] Heterodimerization partners for retinoid X receptors 

(RXRs) include PPARalpha and thyroid-hormone receptors 
(TRs). The responses were investigated of hepatic PDK 
protein expression to high-fat feeding and hyperthy- 
roidism in relation to hepatic lipid delivery and disposal. 
High-fat feeding increased hepatic PDK2, but not PDK4, 
protein expression whereas hyperthyroidism increased 
both hepatic PDK2 and PDK4 protein expression. Both 
manipulations decreased the sensitivity of hepatic carni- 
tine palmitoyltransferase I (CPT I) to suppression by mal- 
onyl-CoA, but only hyperthyrodism elevated plasma fatty 
acid and ketone-body concentrations and CPT I maximal 
activity. Administration of the selective PPAR-alpha acti- 
vator WY14, 643 significantly increased PDK4 protein to a 
similar extent in both control and high-fat-fed rats, but 



WY14,643 treatment and hyperthyroidism did not have 
additive effects on hepatic PDK4 protein expression. PPA- 
Ralpha activation did not influence hepatic PDK2 protein 
expression in euthyroid rats, suggesting that up- 
regulation of PDK2 by hyperthyroidism does not involve 
PPARalpha, but attenuated the effect of hyperthyroidism 
to increase hepatic PDK2 expression. The results indicate 
that hepatic PDK4 up-regulation can be achieved by het- 
erodimerization of either PPAR alpha or TR with the RXR 
receptor and that effects of PPAR alpha activation on hep- 
atic PDK2 and PDK4 expression favour a switch towards 
preferential expression of PDK4. 
[0179] The pyruvate dehydrogenase complex (PDC) occupies a 
strategic role in renal intermediary metabolism, via parti- 
tioning of pyruvate flux between oxidation and entry into 
the gluconeogenic pathway. Inactivation of PDC via activa- 
tion of pyruvate dehydrogenase kinases (PDKs), which 
catalyze PDC phosphorylation, occurs secondary to in- 
creased fatty acid oxidation (FAO). In kidney, inactivation 
of PDC after prolonged starvation is mediated by up- 
regulation of the protein expression of two PDK isoforms, 
PDK2 and PDK4. The lipid-activated transcription factor, 
peroxisome proliferator-activated receptor-alpha (PPAR 



alpha), plays a pivotal role in the cellular metabolic re- 
sponse to fatty acids and is abundant in kidney. In the 
present study PPAR alpha null mice were used to examine 
the potential role of PPAR alpha in regulating renal PDK 
protein expression. In wild-type mice, fasting (24 h) in- 
duced marked up-regulation of the protein expression of 
PDK4, together with modest up-regulation of PDK2 pro- 
tein expression. In striking contrast, renal protein expres- 
sion of PDK4 was only marginally induced by fasting in 
PPAR alpha null mice. The present results define a critical 
role for PPAR alpha in renal adaptation to fasting, and 
identify PDK4 as a downstream target of PPAR alpha acti- 
vation in the kidney. It has been proposed that specific 
up-regulation of renal PDK4 protein expression in starva- 
tion, by maintaining PDC activity relatively low, facilitates 
pyruvate carboxylation to oxaloacetate and therefore en- 
try of acetyl-CoA derived from FA beta-oxidation into the 
TCA cycle, allowing adequate ATP production for brisk 
rates of gluconeogenesis. 
[0180] Factors that regulate PDK4 expression include FA oxida- 
tion and adequate insulin action. PDK4 is also either a di- 
rect or indirect target of peroxisome proliferator- activated 
receptor (PPAR) alpha. PPAR alpha deficiency in liver and 



kidney restricts starvation-induced upregulation of PDK4; 
however, the role of PPAR alpha in heart and skeletal 
muscle appears to be more complex. These observations 
may have important implications for the pharmacological 
modulation of PDK activity (e.g. use of PPAR alpha activa- 
tors) for the control of whole-body glucose, lipid and lac- 
tate homeostasis in disease states and suggest that thera- 
peutic interventions must be tissue targeted so that 
whole-body fuel homeostasis is not adversely perturbed. 
[0181] Regulation of the activity of the pyruvate dehydrogenase 
complex in skeletal muscle plays an important role in fuel 
selection and glucose homeostasis. Activation of the com- 
plex promotes disposal of glucose, whereas inactivation 
conserves substrates for hepatic glucose production. Star- 
vation and diabetes induce a stable increase in pyruvate 
dehydrogenase kinase activity in skeletal muscle mito- 
chondria that promotes phosphorylation and inactivation 
of the complex. The present study shows that these 
metabolic conditions induce a large increase in the ex- 
pression of PDK4, one of four pyruvate dehydrogenase ki- 
nase isoenzymes expressed in mammalian tissues, in the 
mitochondria of gastrocnemius muscle. Refeeding starved 
rats and insulin treatment of diabetic rats decreased pyru- 



vate dehydrogenase kinase activity and also reversed the 
increase in PDK4 protein in gastrocnemius muscle mito- 
chondria. Starvation and diabetes also increased the 
abundance of PDK4 mRNA in gastrocnemius muscle, and 
refeeding and insulin treatment again reversed the effects 
of starvation and diabetes. These findings suggest that an 
increase in amount of this enzyme contributes to hyper- 
phosphorylation and inactivation of the pyruvate dehydro- 
genase complex in these metabolic conditions. It was fur- 
ther found that feeding rats WY-14,643, a selective ago- 
nist for the peroxisome proliferator-activated receptor-al- 
pha (PPAR-alpha), also induced large increases in pyruvate 
dehydrogenase kinase activity, PDK4 protein, and PDK4 
mRNA in gastrocnemius muscle. Since long-chain fatty 
acids activate PPAR-alpha endogenously, increased levels 
of these compounds in starvation and diabetes may signal 
increased expression of PDK4 in skeletal muscle. 
[0182] The transcriptional coactivator PPAR gamma coactivator 1 
alpha (PGC-lalpha) is a key regulator of metabolic pro- 
cesses such as mitochondrial biogenesis and respiration 
in muscle and gluconeogenesis in liver. Reduced levels of 
PGC-lalpha in humans have been associated with type II 
diabetes. PGC-lalpha contains a negative regulatory do- 



main that attenuates its transcriptional activity. This neg- 
ative regulation is removed by phosphorylation of PGC- 
lalpha by p38 MAPK, an important kinase downstream of 
cytokine signaling in muscle and beta-adrenergic signal- 
ing in brown fat. Described here the identification of pl60 
myb binding protein (pl60MBP) as a repressor of PGC- 
lalpha. The binding and repression of PGC-lalpha by 
pl60MBP is disrupted by p38 MAPK phosphorylation of 
PGC-lalpha. Adenoviral expression of pl60MBP in my- 
oblasts strongly reduces PGC-lalpha's ability to stimulate 
mitochondrial respiration and the expression of the genes 
of the electron transport system. This repression does not 
require removal of PGC-lalpha from chromatin, suggest- 
ing that pl60MBP is or recruits a direct transcriptional 
suppressor. Overall, these data indicate that pl60MBP is a 
powerful negative regulator of PGC-lalpha function and 
provide a molecular mechanism for the activation of PGC- 
lalpha by p38 MAPK. 
[0183] it is well established that catecholamine-stimulated ther- 
mogenesis in brown fat requires beta-adrenergic eleva- 
tions in cyclic AMP (cAMP) to increase expression of the 
uncoupling protein 1 (UCP1) gene. However, little is 
known about the downstream components of the signal- 



ing cascade or the relevant transcription factor targets 
thereof. Helt has beenemonstrate tdhat cAMP- and pro- 
tein kinase A-dependent activation of p38 mitogen-acti- 
vated protein kinase (MAPK) in brown adipocytes is an in- 
dispensable step in the transcription of the UCP1 gene in 
mice. By phosphorylating activating transcription factor 2 
(ATF-2) and peroxisome proliferator-activated receptor 
gamma (PPARgamma) coativator lalpha (PGC-lalpha), 
members of two distinct nuclear factor families, p38 
MAPK controls the expression of the UCP1 gene through 
their respective interactions with a cAMP response ele- 
ment and a PPAR response element that both reside within 
a critical enhancer motif of the UCP1 gene. Activation of 
ATF-2 by p38 MAPK additionally serves as the cAMP sen- 
sor that increases expression of the PGC-lalpha gene it- 
self in brown adipose tissue. In conclusion, outheseind- 
ings illustrate that by orchestrating the activity of multiple 
transcription factors, p38 MAPK is a central mediator of 
the cAMP signaling mechanism of brown fat that promotes 
thermogenesis. 

[0184] Brown adipose tissue expresses the thermogenic uncou- 
pling protein-1 (UCP-1), which is positively regulated by 
peroxisome proliferator-activated receptor (PPAR) ago- 



nists and retinoids through the activation of the het- 
erodimers PPAR/retinoid X receptor (RXR) and retinoic acid 
receptor (RAR)/RXR and binding to specific elements in 
the ucp-1 enhancer. In a study it was shown that in fetal 
rat brown adipocyte primary cultures the PPARgamma ag- 
onist rosiglitazone (Rosi), as well as retinoic acids 
9-cis-retinoic acid and all-trans-retinoic acid also have 
"extragenic" effects and induce p44/p42 and p38 mito- 
gen-activated protein kinase (p38MAPK) activation. The 
latter is involved in UCP-1 gene expression, because inhi- 
bition of p38MAPK activity with PD169316 impairs the 
ability of Rosi and retinoids for UCP-1 induction. The in- 
hibitory effects of PD169316 are mimicked by the antioxi- 
dant GSH, suggesting a role for reactive oxygenated 
species (ROS) generation in the increase of UCP-1 expres- 
sion in response either to Rosi or 9-cis-retinoic acid. 
Thus, it was proposed that Rosi and retinoids act as PPAR/ 
RXR and RAR/RXR agonists and also activate p38MAPK. 
These two coordinated actions could result in a high in- 
crease of transcriptional activity on the ucp-1 enhancer 
and hence on thermogenesis. PPARalpha and gamma ago- 
nists but not retinoids also increase UCP-3 expression in 
fetal brown adipocytes. However, the regulation of UCP-3, 



which is not involved in thermogenesis, seems to differ 
from UCP-1 given the fact that is not affected by 
p38MAPK inhibition. 
[0185] Brown adipose tissue is present in rodents but not in adult 
humans. It expresses uncoupling protein 1 (UCP1) that al- 
lows dissipation of energy as heat. Peroxisome prolifera- 
tor-activated receptor gamma (PPARgamma) and 
PPARgamma coactivator lalpha (PGC-lalpha) activate 
mouse UCP1 gene transcription. It has been shown that 
human PGC-lalpha induced the activation of the human 
UCP1 promoter by PARgamma. Adenovirus-mediated ex- 
pression of human PGC-lalpha increased the expression 
of UCP1, respiratory chain proteins, and fatty acid oxida- 
tion enzymes in human subcutaneous white adipocytes. 
Changes in the expression of other genes were also con- 
sistent with brown adipocyte mRNA expression profile. 
PGC-lalpha increased the palmitate oxidation rate by fat 
cells. Human white adipocytes can therefore acquire typi- 
cal features of brown fat cells. The PPARgamma agonist 
rosiglitazone potentiated the effect of PGC-lalpha on 
UCP1 expression and fatty acid oxidation. Hence, PGC- 
lalpha is able to direct human WAT PPARgamma toward a 
transcriptional program linked to energy dissipation. 



However, the response of typical white adipocyte targets 
to rosiglitazone treatment was not altered by PGC-lalpha. 
UCP1 mRNA induction was shown in vivo by injection of 
the PGC-lalpha adenovirus in mouse white fat. Alteration 
of energy balance through an increased utilization of fat 
in WAT may be a conceivable strategy for the treatment of 
obesity. 

[0186] Extracellular regulated kinases (ERKs) mediate the in- 
hibitory effect of tumor necrosis factor alpha (TNF-alpha) 
on uncoupling protein-1 (UCP-1), but not on lipid accu- 
mulation. TNF-alpha-induced ERK-dependent peroxisome 
proliferator activator receptor gamma (PPAR gamma) 
phosphorylation could be responsible for UCP-1 down- 
regulation. Thus, the negative effect of TNF-alpha on 
UCP-1 mRNA expression at 4-5 h, under basal conditions 
or in cells treated with the PPAR gamma agonist, rosiglita- 
zone, was reversed by the MEK1 inhibitor PD98059. In 
contrast, fatty acid synthase and malic enzyme mRNA 
downregulation was not prevented. Moreover, rosiglita- 
zone has no positive effect on adipogenic gene expres- 
sion or lipid accumulation. Therefore, there is a differen- 
tial regulation of thermogenic and adipogenic differentia- 
tion by PPAR gamma, which might account for the differ- 



ences in the TNF-alpha regulation through ERKs. 
[0187] | n ra t pancreatic islets chronically exposed to high glucose 
or high free fatty acid (FFA) levels, glucose-induced in- 
sulin release and mitochondrial glucose oxidation are im- 
paired. These abnormalities are associated with high basal 
ATP levels but a decreased glucose-induced ATP produc- 
tion (Delta of increment over baseline 0.7 +/- 0.5 or 0.5 
+ /- 0.3 pmol/islet in islets exposed to glucose or FFA vs. 
12.0 +/- 0.6 in control islets, n = 3; P < 0.01) and, as a 
consequence, with an altered ATP/ADP ratio. To investi- 
gate further the mechanism of the impaired ATP forma- 
tion, in rat pancreatic islets glucose-stimulated pyruvate 
dehydrogenase (PDH) activity was measured, a key en- 
zyme for pyruvate metabolism and for the subsequent 
glucose oxidation through the Krebs cycle, and also the 
uncoupling protein-2 (UCP-2) content by Western blot. In 
islets exposed to high glucose or FFA, glucose-stimulated 
PDH activity was impaired and UCP-2 was overexpressed. 
Because UCP-2 expression is modulated by a peroxisome 
proliferator- activated receptor (PPAR)-dependent path- 
way, PPAR-gamma contents were measured by Western 
blot and the effects of a PPAR-gamma antagonist. PPAR- 
gamma levels were overexpressed in islets cultured with 



high FFA levels but unaffected in islets exposed to high 
glucose. In islets exposed to high FFA concentration, a 
PPAR-gamma antagonist was able to prevent UCP-2 over- 
expression and to restore insulin secretion and the ATP/ 
ADP ratio. These data indicate that in rat pancreatic islets 
chronically exposed to high glucose or FFA, glucose-in- 
duced impairment of insulin secretion is associated with 
(and might be due to) altered mitochondrial function, 
which results in impaired glucose oxidation, overexpres- 
sion of the UCP-2 protein, and a consequent decrease of 
ATP production. This alteration in FFA cultured islets is 
mediated by the PPAR-gamma pathway. 
[0188] Methyl pyruvate has been described with reference to a 
particular embodiment. For one skilled in the art, other 
modifications and enhancements can be made without 
departing from the spirit and scope of the aforementioned 
claims. 

[0189] whilst endeavoring in the foregoing Specification to draw 
attention to those features of the invention believed to be 
of particular importance it should be understood that the 
Applicant claims protection in respect of any patentable 
feature hereinbefore referred to whether or not particular 
emphasis has been placed thereon. 



